'Al'RCRAFT CONFI GURATI ON W TH | MPROVED AERODYNAM C PERFCRNAngfgﬁﬁabﬁgct:
An aircraft (10), in particular a trainer aircraft with inprove '

aer odyna formance, having a configuration able to kgepraAhEgctional
stabilitghghﬁﬁéaggry good aer odynam ¢ behavi our even at very ﬁﬁé angl es of

attack, where, traditional configurations prove thenselves inefficient. In
particular, this configuration foresees a forebody (52) with variable
section, optimsed for high angle of attack flights, a LEX vortex control
‘device (72) at |east one diverterless airintake (46), and a wing profile
(18, 20) optimsed in order to reduce the buffet effects typical of |ow

aspect ratio w b Dt RER{AF foand wers ablurrveey . EERCIINAMITE  ( 10)
presents, finally, staggered tails (44 and 38), to optim se the aerodynam c

performance.  prproRMANCE.

This patent is referred to an aircraft configuration
5 .with..high aerodynamic performance; in particular the

aircraft according to the patent is designed like a

high performance ftrainer with secondary operational

capabilities.

Many aircraft have to be easily flown and must have
10 peculiar dynamic characteristics in accordance with the

mission to be carried out.

Typical examples of the above include light aircraft

| for aerobatics, trainers and combat aircraft.

These aircraft often have to flight at a high angle of

15 attack (the angle between the aircraft and wind speed

direction at any time}.

"It is easy to understand that, under these flight
conditions, the aircraft has to be very. stéble and
easily controlled.by the pilot, in order to maintain a

26 safe attitudé during fiight.
This stability is obtained using special = automatic

‘equipment able to generate forces and moments to

counterbalance undesirable flight attitudes.

While the aircraft stability along the pitch axis can

' 25 ‘be controlled optimising the static margin and time-to-



17 April 2006 WO 03/ 035467 PCT/ EP02/ 03683 Al RCRAFT CONFI w%uamZ%JH
I'MPROVED AERODYNAM C PERFORMANCE. This patent is referred to an aircraft
configuration 5 with high aerodynam c perfornmance; in particular the
aircraft according to the patent is designed |like a high performance
trainer .with secondary operational capabilities. Many aircraft have to be
easily flown and nust have 10 peculiar dynam c characteristics in

accor daseabet hinidle tudessi Oflet prbgedafe it Daterdyphcalkcexamplies of the
above include light aircraft for aerobatics, trainers and conbat aircraft.

These aiRefabildftven (Rave "Xl ghandt avavgh aayks)of ati5hdighack (the

angle b t I.1.C t d w.nd,speed irection.,at any tinme). It is
eagy togéﬁgggstgﬁd%t%taé[g ur(%glr gﬁes%lfffﬁﬁ%g c%%dictolrbtﬁfs?ft %é’eé’i rcraft has
to be vesyngt abhRlgndopasidccondrpli gdtbyohiecni IQist drs Order to maintain

a 20 safe attitude during flight. This stability is obtained using special
autonat 1€ Jequitprasttodls eneecgenayat bof sraenbsrl rmlventd negafdount er bal ance

undes! 1 g AL o oo ML ey BLA, B3ty ang he piton
attack in order to allow aircraft control/agility and
to avoid flight departures and spins.
Usually and in particular lately, attempt has been
done by simply modifying the fuselage aerodynamic
shaping and other aircraft parts. Up to now those
attempts have not lead to successful results.
:In the frame of the reguirements listed above,
embodiments of the present invention may avoid the
mentioned problems and, in particular, the problem
relevant to an aircraft configuration with impfoved
aerodynamic- performance, able to optimise the
aircraft behaviour especially during high angle of
attack flights.
Embodiments of the present invention may present an
aircraft configuration with improved aerodynamic
performahce, able to reduce buffet effects typical of

low aspect ratio wings with thin profile and variable

camber. _
Embodiments of the present invention may realise an
aircraft configuration with high aerodynamic

performance, able




17 April 2006 double anplitude, the presence of lateral-dir j

. instability (on "roll" and "yaw' axes) at high angles of J??@?@Q?gﬂ be -
difficult to control even wusing highly sophisticated Flight Control

Systens. It is therefore necessary to maxim se the aircraft

| ateral -directional stability up to high angles of attack in order to

allow aircraft control/agility and to avoid flight departures and spins.

Usual ly and in particul ar tely, att t has been done by sinply
modi fyi nOt R HAF e PHEE SRer Oty EDeshipihig Odnd Ot HER Lafi EPARL B s. Up to
now thos@taﬁ&ﬂ?%} safjavecpet h@@gttiQfefsu‘é??%%ft;éJ trlgl%%lé'xtasced nibtr?ce theame of

the requirenents™listed above, ~“enbodinents o e present ention may

avoi d t hengmert i bhed pnektensoandhe i ypsrltagal agide hergdriobleerd néleevant to
an aircraft configuration with inproved aerodynam c performance, able to
opti mi sePPh&ZORERLr af t2béhavidhr €§feci @Fly Wr¥ng MtGPahte ofndhtt ack

flights.q QGBHEﬂki f o d Present i pyegtion may present an aircraft

configuration wth 1 nproved aerodynam ¢ perfornmance, able to reduce buffet
ef fects Eypodaheafrs | o ashect pratkeatw hgsewittiort hina yor ekialle and avar i abl e
canber. Enbodi nents of the present invention nmay realise an_aircraft

confi guratFeRahtt h KGH Brerlyhemi ¢ with improved aerodynamic

performance, able to recover from spin, optimising, in
'general, the aircraft behaviour at high angles of
attack. |

According to an aspect of the present inventioh, there
is provided configuration of an aircraft with improved
aerodynamic performance, which allow to keep directional
stability at mid/high angles of attack, said aircraft
including a fuselage fitted with wings, at least one air
intake and a fuselage forebody with tapering section,
whereby in that said aircraft includes a Leading Edge
Extension (LEX) Vortex Controi Device shaped such to

symmetrize the bursting of the vortex generated by such

LEX at mid-high angles of attack, wherein the ratio
between the LEX area and the corresponding LEX Vortex

Control Device height 1is equal to 2,35 m with a

tolerance range varying from. +100% and -50% of said

ratio, said LEX Vortex Control Device cooperating with
staggered tails, obtained by the cbﬁpling of the
vertical fin to the wing, whose leading edges overlap
the trailing edges of each wing, in order to maintain
'lateral—directional étability.

These and other goals may be met by an alrcraft

‘confiquration, with improved aerodynamic performance,

accdrding, to claim 1, to which we'refer,tb.



performance;, able 17 April 2006 to avoid successfully, the {ho 13@ 6
|.ateral -directional stability and the negative effects generate By t he
engi ne flow next to the fuselage side wall - and the horizontal tail, as far
as drag, stability and |longitudinal control are concerned. Enbodi nents of
the present invention may realize an aircraft configuration wth inproved
aerodynam c performance, able to recover fromspin, optimsing, in
general, the aircraft behaviour at high angles of attack. According to an
aspect - et PpL¥eneTNEMITTE Phetde RF PV dEBVEBRLPHUFRY ofi®of an
aircraft,with inproyed I 1c p r manc i | t0: keep
directiéﬁ%.l s%%gil¥ﬁy g%%§g'/ %gh ang{%§ g? a??gggé%ga?§j§¥ﬂc$%§$

i ncl udi nge Bf s sghageahiit tedowdalr Wolgsra@lohgastapabidiiftidsnt ake and a
fusel age forebody with tapering section, whereby in that said aircraft

i ncl udeshe LeasitAgUEddd cTEx@alsiiaTudsg orttedd CBRPABE DelpEBUSRaped such

to symetri the hursting of the.vartex, gener d Q? t
m d- hi ghanac_?lgl €s 0 af?—af%rewe lél‘-ragia%tfeﬁésrea i%y b@%%\e %Lyetﬁiee EJEXIDE?e% and the
correspantidy dEXv¥eyt pxcuCantr ot el eeahefighhiis.equal to 2,35 mwith a
tol erance range varying from +100% and -50% of said ratio, said LEX
Vort ex GBwf r divievieetcoepliat i ngnwi thndsmiggeridd: t dntsreapaeatadby the
CQUplln%fggﬁ@econtrols d#s—may be coupled with, a forebody with
_basically circular and wvariable section, characterised
by low aspect ratio, optimised for high angles of attack
flights. In this space a radar for the aircraft

operational version ean—may be easily integrated.

3a




vertical fin to the wi ng, whose | eadi ng edges overlap the Iyrf?ﬂrhizggéredges
of each wing, in order to maintain lateral-directional stability. These
and other goals nmay be net by an aircraft - configuration, with inproved
aer odynam c performance, according, to claiml, to which we refer to. 17
April 2006 Profitably, enbodinents of the present invention may be

desi gneThei mopasdddul ahapkl kend tiaiererimd hmhiyghoe pepfrdmimsee and
secondary operational capabilities. The configuration nmay includes- a twn
engi ne ®¥EeRULE" TeAMFS-1LF s VRE) SFe dHat BE? EPIISRI OBy thfe PHESEAEE of a

range o cul i al sdetails. I3 se in (in tandem
with i n%%irl(g%%ﬂg@tggd aéq;éfgé#%g%?lrcélgg - s%ﬁayyggi/éh\gﬁp}} edgvg}ﬁgﬁﬁ,@ a égr ebody

with bastsakly tdia crleavt iandd/achahlae tsectdtoigs chdnact etbsededbigel ow aspect
rati o, optinmised for high angles of attack, flights. In this space a radar

for thethfr dlaractinnaht PEVEIMAfeis Hn afayh beh e 19 hES nPégrateackiz Apri |
2006 Th@}ég&g?o% %B?Bﬁoﬁy ﬂﬂ?@i?&?]t%yope%?ﬂﬁi@i%%q I, rder to reduce
r Interfe a ynam ¢

its vo rence on the aircr aero characteristics at

m d/ hi gh angles of attack; the mentioned characteristics allow to reduce
the directional asymmetries at high angles of attack, typical of forebody
with ci¥eueavesr eEh?pt"i’JeIa‘H seafiigt Weveover dHE sy pfer ethfy be

differQQEaﬁﬁggatQQng profiles, in order to integrate a system
able to minimise the buffet effects, typical of low
aspect ratio wings with thin profile and wvariable
camber.
The aerodynamic design may include also a LEX (Leading
Edge Extension) vortex control device, properly sized,
in order to symmetrize the LEX wvortex bursting at
mid/high angles of attack, as the symmetric vortex
bursting allows to keep the lateral-directional
stability and the aircraft control at mid/high angles of
attack.

Embodiments of the present invention may have, at least
‘one engine air intake able to guarantee the performance
and a proper fluid-dynamic interface with the engine;
the design does not foresee the integration of a typical
diverter on the upper lip of an air intake, integrated

-with a LEX.




standard wing profiles, in order to integrate a system ab'l?ﬁ??il%(%- m se
the buffet effects, typical of Iow aspect ratio wings with Inprofile

and vari a%oy@n})ﬁr. The aerodynam c desi-gn may incl ude alSOriazlekess
(Leadi ng ge tension) vortex control device, properly sized, in order

- to symmetrize the LEX vortex bursting at md/high angles of -attack, as the
symmetric vortex bursting allows to keep the |ateral-directional

‘stability and the aircraft control at nid/high angles of attack.

Enbodi ments of the present invention nmay have, at |least one engine air

i ntake able to guarantee the performance and a proper fluid-dynamc

interface wit heihe BNOivR: hottheodesl gtk tioes ayeferfiageneg &hkow ndesgriatgi on of
a typical, diverter on the upper lip of an air intake, integrated wth a

LEX. 17 April 2006003035467 864 5R0/03683 Broahtyd Hsheteori zontal tail

staggering may allow getting a decrease in the aerodynam c drag produced

by the fusel f b tinse dhwei L1 afthe Sphirchehiavi spinand to
i nprove the a?jg’gsregjf%ge%e?%%%/enfa%%p% desi gnzp.%)r hi gh angl es of attack

manoeuvres. Furt.her. | s..and benef| thhs pPatestasbal hebedysheat: from
the foll ow ngLio e%asﬁ‘ pti onaﬁd i?C'r?orﬁutﬂl%f?-,‘o‘pé th '

5 design for high angles of attack manoeuvres.

" Further goals and benefits of this patent shall be
clear from the Ffollowing description and Zfrom the
attached drawings, provided solely, but not limited to
a sample, as follows:

10 - jgaicture 1 is a side vi.ew of an aircraft,;:, in
particular of a trainer aircraft, designed
~accordingly th:"Ls patent;

- picture 2 is a top view of an aircraft, in
particular of a traine_r aircraft, degigned

15 accordingly to this patent;

- picture 3 is a bottom view of an aircraft, in
particulér of a trainer aircraft, designed

accordiﬁgly to this patent;

- '- picture 4 is a front view of an aircraft, in
20 particuiar of a trainer aircraft, designed
accordingly to this patent; |
- picture 5 is a back side view of an aircraft, in
particular of a trainer aircraft, designed
' acco:dingiy to this patent;

25 - . picture 6 is a section, aiong the VI-VI line of




attached draw ngs, provided solely, but not limted to a %9@3&3Q0@§
follows: W@ g3gpigiure 1 is a side view of an aircrafts i.P JF@ YF?{artlcul ar
of a trainer aircraft, designed accordingly this patent; P i s a
top view of an aircraft, in particular of a trainer aircraft, designed 15
accordingly to this patent; picture 3 is a bottomview of an aircraft, in
particul ar of a trainer aircraft, designed accordingly to this patent;
picture 4 is a front view of an aircraft, in 20 particular of a trainer
aircraft, designed accordingly to this patent; picture 5-is a back side
view of an aircrafpickiireparnticular of a trainer aircraft, designed
accordingly to this patent; 25 -- picture 6 is a section, along the VI-VI

line of WO 03[035487ct4-Apr#| 12008 RGHEA02/:83683, Phehdt € vdewli EUrL 7 1S
a partial and enlarged view of a detail of the aircraft configuration

oSt Ol BECorh MBkEaAS, LS ML © ks A 0 e
' accordingly to this patent:
5 - picture 8 is a section, along the VIII-VIII line
of picture 7;
. picture 9 is a section, along IX-IX line of
picture . 7;
-; picture 10 is a section, along X-X line of picture
10 7:
- picture 11 is a section, along XI-XI line of
picture 7;
P picture 12 is .a section, along XII-XII line of
picture 7;
15 - picture 13 is a section, along XIIIinII.line of
picture 7;

- picture 14 1is a section, along XIV-XIV line of

“picture 7;

- picture 15 is a section, along XV-XV line of
20 picture 7; |
- picture 16 is -a section,nalong XVI—XVI line of
picture 73

“- picture 17 is a section, along XVII—XVII‘iine of

_picture 7:

25 .- picture 18 is an enlargedgisoview of a detail of



. picture 9 is a section, along I X-1X line of picture 7; pi . IS a
~section, along X-X line of picture 10 7; picture 11 is a s§§ﬂ§lﬂﬁﬁg¢ong

Xl -X" i ng o(%mpiﬁgture 7, picture 12 is a section, along Xdrpbddskfae of
picture 7,(ﬁ - picture 13 is a section, along XIII-XIll line of picture

7, - picture 14 is a section, along XIV-XIV |ine of picture 7; picture
15is a section, along XV-XV line of 20 picture 7; picture 16 is -a
section, along XVI-XVlI line of picture 7; picture 17 is a section, along
XVII-XVIl line of picture 7; picture 18 is an enlarged isoview of a detail
of WD 113/035467 17 April 2006 PCT/EP02/ 03683 the aircraft configuration

desi gned accor di ngly, { o, { pi-5, et gk YakhBgoh ehiesegaed adduedtenpiord
pictures, an aircraft, 1n particular a trainer aircraft, having a 5

configuration with ,&'ﬂrﬂ Oé/fge@@_r odynam ¢ performance,

Making reference to the mentioned pictures, an
aircraft, in particular a trainer aircraft, having a
5 configuration with improved aerodynamic performance,
accordingly to this patent, is generally indicated with
reference 10.
.The aircraft 10 includes a fuselage 12, having an upper
side wall 14 and a lower side wall 16, and two wings,
10 respectively a right wing 18 and a left wing 20, fitted
to the fuselage 1Z2.
The right wing 18 has the tip 22, while the left wing
20 has the tip 24. |
The aircraft 10 features also a rudder 34, fitted to
15 the vertical fin 38 and a horizontal stabiliser . 44
having a right horizontal stabiliser 26 and a left
horizontal stabiliser 28 and relevant tips 30, 32.
In preferred or realising, but not limiting forms of
the patent, as already mentioned above, _the type
20 éonfiguration is a twin-engine formula and foresees two
" air intakes 46.for the engines 48, with relative engine
nozzles 60.
Finally, in the fuselage forebody area 52, in which‘a
iadar for the aircraft 10 operational version could be

D5 integrated, a two ‘in tandem pilot cockpit 54 is




“-accordingly to this patent, is generally indicated wth rqfﬁ%z%&o The
ai rcraft WO 0p/AtHerdes a fusel age 12, having an upper sidepomii
- lower side wall 16, and two wings, 10 respectively a right wing 18 and a
left wwng 20, fitted to the fuselage 12. The right wing 18 has the tip 22,
while the left wwing 20 has the tip 24. The aircraft 10 features also a
rudder 34, fitted to 15 the vertical fin 38 and a horizontal stabiliser 44
having a right horizontal stabiliser 26 and a | eft horizontal stabiliser
28 and relevant tips 30, 32. In preferred or realising, but not limting
forms of thelmphahtedas avithady dehercowdeabede, fhéghype coptrols,
configuration is a tw n-engine fornula and foresees two air intakes 46 for
the engines 48otwictted ebat i ve ehngdskichdzA2s 60. pFhal |58 icoudke besel age
forebody area 52, in which a radar for the aircraft 10 operational version
coul d be 25 :Ecrnees;ﬁfeat,edina dmder ntbarsemypi dbot dockpligity refwslddng35467
17 Appril 2006 PCT/EPII2/03683 installed, with interconnected flight
controls, priciredbsd diyaradindshi el d 62. A probe 58 could be foreseen, in
order to carry out in flight refuelling for the aircraft 10. '
5 With reference to pictures 2 and 3, each wing 18, 20 of
.the aircraft 10 presents outer ailerons 56 and take-off
and landing double slotted flaps 64, integrated in the
trailing edge 70 of each wing 18, 20, and other devices {
for wing camber optimisation (leading edge droops) 66,
10 integrated in the wing leading  edge 68.. Their profile
is shaped following a particular geometry, on the basis
of the general aerodynamic design mentioned in this
description.
In particular, the technical characteristics of the
15 aircraft 10, aimed to obtain high aerodynamic
performance and flight stability, according to this

'patent, are as follows.
First of all, the aerodynamic design is characterised
by .the presehce of a LVC (“LEX Vortex Cohtroller”)
20 © device to control the LEX.(“Leading_Edge_Exfensibn”)
vortex at mid/high angles of attack (ref. 72, picture -
. _ : : : .‘
'VThe-_LEX, with gothic jplatfoim equal to' 6,4% of the
reference wing gross area (as pér this patent), allows

a5 - vortex 1lift generation at high anglesQof'attack aﬁd LEX -




5 Wth reference to pictures 2 and 3, each wing 18, 20 of hhe gishgeaft 10
presents outer ailerons 56 and take-off and |anding double S otted flaps
64, inte t in.the trailing edge 70 of- each wi ng 18, er

devi ces (S%3ﬁ§7canber opti m sation (Ieadlng edge droopgﬁb%%ﬁﬂ%g&ﬁ
integrated in the wing | eading edge 68.. Their profile is shaped follow ng
a particular geonetry, on the basis of t he general aerodynam c design
‘mentioned in this description. In particular, the technical
characteristics of the 15 aircraft 10, ainmed to obtain high aerodynam c
-per f or mance and flight stability, according to this patent, are as

follows. First %}I&E?A %Or}?é‘@ﬁté’c?s'lgﬁé AhalActer sgdc bysne
presence of ac% ntroller’ device to control the LEX
(" Leadi ng Edg Extens ﬁﬁ%? %%Ey g angl ssgef abt asksreeftnd 2,
picture icp at ornt dqual to 6,4%of the reference
W ng gross area (as per thi QLiex bif targener atdon at
hi gh angl es of” %‘%‘E%%ék %f%et%ﬁ %S%p a[Wﬁﬁo;slo 5467 PCT/ EP02/ 03683

design is furt fined rating he LB cortex Goudelier”)
at its t|p,||?té Ko gﬁt %Qg % vé%te gg%%%trlc %urstlng at high

: angl es of gttaflrectlonal stability.

The LEX vortex controller sizing 72 depends on the

front LEX size and, in any case, the bigger the LEX is

the higher the LVC must be; the tolerance can “be

defined by the ratio between the LEX area and the

10 height of the corresponding LVC. The design pointiof

this ratio is equal to 2,35 m and the applicable

tolerance range varies from +100% and -50% from the

design point.

The fuselage forebody 52 shape of the aircraft 10 and

15 its dimensions are even more optimised in order to
reduce its vortex interference on the aerodynamic
characteristics of the aircraft 10 at mid/high angles
of attack; the mentioned characteristics allowralso to
reduce the directional asymmetries at high angles of

20 attack, typical for the forebody with standard circular

' or elliptical sections.
‘The forebody 52 of the aircraft 10, according to the
patent, shows a range of - forebody sections with
different geometry starting from-the apex 74 up to the

25 forebody edge merging with the LEX apex. .



-si'deslip attitudes and prevent |loss of lateral- 5 directional BRosity.
The LEX wootbeussagntrol |l er sizing 72 depends on the frontp(l}rggég@@&and, in
any case, the bigger the LEX is the higher the LVC nust be; the tolerance
can be defined by the ratio between the LEX area and the 10 hei ght of the
corresponding LVC. The design poin-t-of this ratiois equal to 2, 35 mand
t he applicable tolerance range varies from +100% and -50% fromthe design
~point. The fusel age forebody 52 shape of the aircraft 10 and 15 its '
di mrensions are even nore optimsed in order to reduce its vortex
interference ph thempdigdingnatd ¢iarmatesd sthes mft thieidiimer afdy, 1@t

m d/ hi gh angles of attack; the nentioned characteristics allow also to

reduce the di gpeti §oahe@8YAMRMERS ahdhigh ahel eseqfe?fe abfadecttiympiscal for
the forebody with standard circular or elliptical sections. The forebody

52 of the airgight d9rrasertdi@rictife mawerh Showspex ande ahdf ar ebody
sections with different geonetry starting fromthe apex-74 up to the 25

f orebody edgesBBtGbRy Métdridie £EX @ReX qubdBe03/ @3 pdbsi oty | ho2@06r

PCT/ EP02/ 03683 An exenplifying and preferred, but not limting way, of the

geonetri c sshapesanchof chbeegquenee brsedld Offin-seat cabin 54), is

| presented,'in sequence, at pictures 8-17, from which is
inferable that from a roughly low aspect ratio circular
section (pictures 8-11) a chined section is got
(pictures 12-17).

10 From the mentioned pictures is clear the shift of the
forebody 52 from the longitudinal axis K, from the apex
74.up to the reference section presented in picture 17.
In particular, according to a preferred form of the
patent, the ratio between the length of the forebody

. 15 52, starting from the apex 74 up to the section along
‘the XVII-XVIXY line  (reference L), and the average
between the lengths A and B of the two axes of the
section (seétion presented in picture 17), presents a-
value of 1,873, with a tolerance equal to *10%.

l-:20 'Thelstructural peéuliarityﬁand its effect on the flight
conditions .come out from the combination of thé
parametér mentioned above (plus or minus the tolerance,
if any) ahd.the_sequénce'of-the forebody 52;5ections,
:fromfthe apex 74 of_theiaircraftrlo ﬁp to the refe;ence

'1 25 section alonngVII—XVII line.

10




with different geometry, between the apex 74 and a sectionsrefanpgs to the
guote 76 (positioned nore or 5 less at.the beginning of the tw n-seat cabin

54), is W&&%Eﬁq’ in sequence, at pictures 8-17, from wWhEhepsniéddf erabl e
that froma roughly |low aspect ratio circular section (pictures 8-11) a

chined section is got (pictures 12-17). 10 Fromthe nmentioned pictures is
clear the shift of the forebody 52 fromthe |ongitudinal axis K, fromthe
apex 74 up to the reference section presented in picture 17. In
particular, according to a preferred formof the patent, the ratio between
the length of the forebody 15 52, starting fromthe apex 74 up to the

section al ong he, XM J=2XVI § lidnez (8t enenge L, crdilhearvenadee beiveen
the lengths A %%d%§%¥%lfﬁg twa'axgs of the section (section presented in

picture 17), pt S & 4ee8f A587%%keni Uy,a LBhehaneeneguBhtes 1680 20
The structuralHgé%&%fa?}?§§%nge?ts %fﬁéé% on the flight conditions cone out

fromthe conbi nag%glgg%% Etf?% ggg%ﬂ%%i §Q§gr§§9vgogpla¢@v@r dMINugst he

t ol er ance, ifgap uence o orebody 52 sections, fromthe
TR A R e b U e R LA
- In detail %9 99%%”%naﬁ£e is concerned. '
‘The air intake 46 shows a variable leading edge radius
optimised in the lower part in order to reduce the
engine face flow distortion at.high angles of attack
and in the side part in order to reduce the transonic
10 spiliage drag.
In particular, the inner lip average leading edge
radius 76A is equal to 7 mm, while the lower 1lip
average leading edge radius 78 is equal to 17,5 mm and
that of the outer lip 80 is equal to 14 mm, so that the
15 capture area of the air intake is abouﬁ 0,322 m?, and
the throat area of the air intake is about 0,257 m® and
the engine face area is about 0,273 m® {this values are
referred to one air intake).
The air intake 46 is diverteless on the upper side of
20 éach air intake side and integrated with a LEX,_thanks
' ‘to the peculiar ratio between LEX length and shape;
.effectively the LEX acts as a shield at high angles of
attack.
The air intake can - foresee aléo._the. presence of two

25  additional blow indoors (not ‘showed in the pictures),

11




i ntake, indicated as item 46, which contributes to guarant
performa%@l(}?)‘ya ;craft 10, above all as far as the fluid- 1?%&1‘%006

i nterface B*Y#e relevant 5 jet engine is concerned. THET P293p%3ak e 46
shows a variable | eading edge radius optinsed in the |lower part in order
to reduce the engine face flow distortion at high angles of attack and in
the side part in order to reduce the transonic 10 spillage drag. In
particular, the inner |lip average |eading edge radius 76A is equal to 7

mm while the lower |ip average Ieading edge radius 78 is equal to 17,5 mm

gpgakgpéthglalhel%#terci‘Bﬁﬂgﬁl: g ZW%ﬁfléﬂgyl%ﬁg?%h%%tﬁarea ofﬁ?%grahr
|t ake | 5 2004 O Lol AldLy d0e BOE LECS, BBl AROUL, QoB(3, TRy ({11 o

th 20 h t ak d d ted wt LEX,
Chanks 1o thas %ﬁﬁ?iiﬁr}eﬁéﬁ:&éﬁnﬁr&%{vg&f‘% P et wibedabevery
t he LEX act hi Id I f ttack. Th
for esco ol o RBGhEEuncEROPF W' 28 EadPPRBanl ST 99T ndBbPE=eE: stibwed i n

he pi 467 1 "|2 PCT/ EPO2
t he plcturgs)the A %&P%ﬁloor { Jés. 006 CT/ EPO2/ 03683

. These blow indoors aim is to reduce, when they open,

- the local angles of attack on the air intake lips 46 at

by,

high angles of attack, reducing the air mass Tflow

quantity passing through the above mentioned air intake
10 4e.

One of the characteristics that guarantee the high

performance, the stability and the aerodynamic

structure of the aircraft 10, is the staggered tails 44

and 38. They"alch' to reduce the aerodynamic drag
15 generated by the fuselage afterbody, to optimise the

spin behaviour of the aircraft 10 and to improve its

whole aerodynamic design for high angles of attack

flights.

' The vertical fin with trapezoidal platform includes the-

20 rudder 34 and is coupled to the wing. This means that
the leading'edgé of the rudder, indicated as item 36 in
picture 1, overlapping the trailing edges 70 of each

wing 18, 20, in order to allow the recovery from the

spin and to'optimise the behaviour of the aircraft 10

“25. at high angles. of attack.

12



positioned on the upper mﬁng-body juhction bet ween w ng 1847%%nﬂ@%08uselage
12,7 whi ch open when the pressure in the duct is |lower than pressure on the

upper w ngs sgynction, thanks to pre-loaded springs intgRgim@fsess the
blom1indogpﬁﬁﬁ%ﬁgz. in These blow indoors aimis to reduce, when they open,

the | ocal angles of attack on the air intake |lips 46 at high angles of
~attack, reducing the air mass flow quantity passing through the above
nmentioned air intake 10 46. One of the characteristics that guarantee the
hi gh performance, the stability and the aerodynam c structure of the
aircraft 10, is the staggered tails 44 and 38. They allow to reduce the

aer odynam c d%ﬁ%zﬁﬁéggggfgfﬁﬁgg%tgﬁﬁﬂu§f£§QEO§BE§rngny&ﬁ’O@bimbvédrm

spi n behavi our alrcra to inprove its whole aerodynanic

design for high angles_of at £l , riitsk itp W +ri

t rapezoi dal p&éf?@gﬁ1?ﬂ%?ﬁ%%égﬁﬁeacgkgghgge}ﬁgﬁﬁgﬁﬁlis coupleg to ihe Wi ng.

This means that the |eading e [alall [ i
i, ﬁ%ﬁcﬁ%ﬁq ook of 1 efdenorindheatedaas iphremetd n

pi cture 1, g edges each wing 18, 20, in order

Lo all on o [oogrery Lo t1ga 0o L0 APdq1 58 f hechebay) ovch the
| 5 is oriented, on the right and on the left, of about
7,5°, from a lateral axis 88, in order to optimise the
hinge and the inertial moments.
The staggered tails can be further characterised by a
tolerance referred to the ratio between quote C, showed
10 in pi-cture 1 and defined as the distance between the
apex of the vertical fin 3;oot chord and the apex of the
horizontal tail root chord 44, and the tail arm, equal
to 4181 mm; it follows that the reference ratio given
above 1is equal to 1932/4181 mm = 0,462, with an
15 applicable tolerance.équal to 10%.

Also the wing profile 1s modified and optimised in

comparison with trarditional trainer aircraft, in order
to reduce the - “buffet” effecf:, considering the
characteristics of a low aspect ratio wing with thin
20 airfoil and variable camber.
According to the patent, on the 'contrary,l a wing 18, 20
‘with trapezoidal platform and mid aspect_ ratio (AR=4}
is used, charaéterised by the presehce of_ a saw Tooth
(shoﬁed as S in picture 2) at 67,5% of the gross wing

' 05  span; the modification, in comparison with standard

13




WO 03/ 035467 PCT/ EP02/ 03683 The horizontal tail with trapezp,lg?rlﬂ%b@tform
i's nmoved @ /ﬁwm.l ndependent actuators which allow its symmet ‘
asynmetric detlection. The horizontal tail - presents a hl%‘&éE%B%()g(%
indicated as item86 in picture 2, which 5is oriented, on the right and on
the left, of about 7,5 froma lateral axis 88, in order to optimse the
hi nge and the inertial nonents. The staggered tails can be further
characterised by a tolerance referred to the ratio between quote C, showed
10 in picture 1 and defined as the distance between the apex of the

verti cal f! n Ea(iﬂtgsChofg a{ﬂ%sﬁpeﬁﬂ rtfelg_%]telaor htaén E%E{di ot d‘gféord 44,

and the tail arm’ équa ere nce ratlo

[ b I 932/ 41
o rance- b EBOARIT e R, 1Y by ¥ L%f#‘%eégsap e
comparson W up, g Lanal (Lot ool ho SLORE, 1 9&8? %t

uffe e e ns c ri OW a pect ra |o

h thi 20 f d bl d

g B BRSO, AR DL B BRI LRS! L0 L e patert, on

AR=4 h d f d S
i pibrurd 2) thp G280 e gy oty B ST Bl B Heberln ¥ °°

~ conparison W.defité%%ggr at mid angles of attack.

As clearly results from picture 6, which shows an
enlarged section along VI-VI line of picture 2, each
wing 18, 20 presents a variable camber profile, both

10 along the leading edge 66 (“Leading Edge Droop”) and
along the trailing edge 70, near the ailerons 56. The
ailerons are scheduled only in transenic regime, to
have a camber reduction in order to reduce
compressibility effects.

15 Quantitatively, the design point of the chord
percentage extension ef the leading edge 68 is egual to
0,36%, with a tolerance between .;1-0,5% and -0,2% from
the nominal wvalue, while the design point of the gross'
wing span at which the chord extension is applied, in

20 comparison with the standard solutions, is equal to
8,2%, wiﬁh a tolerance betweeﬁ +10% and -5% .from the

" . nominal value.
.Other characteristics of the aircraft 10 include the
fuselage 12, which, in the afterbody 16, foresees the

.25 integration of the engine nozzles and the presencé of a

14 -




13 WO 03/035467 17 April 2006 PCT/EP02/03683 wi ngs, is first I\%Ezghé
related to the | eading edge radius, showed as Rin picture é& ich was
circul ar wPgREssar t) and now becones triangul ar, in orderpctigepigfsdssi se t he
stagnation point position, in presence of 5 the |eading edge 68 and of the
"Leadi ng Edge Droops"” 66 deflected at md angles of attack. As clearly
results frompicture 6, which shows an enlarged section along VI-VI |ine
of picture 2, each wng 18, 20 presents a variable canber profile, both 10
al ong the | eading edge 66 ("Leading Edge Droop”) and along the trailing
edge 70, near the ailerons 56. The ailerons are scheduled only in

transoni c regi Magel@gehaue1a camhenteddust iaem ®Oloridepittureddce
conpressibility effects. 15 Quantitatively, the design point of the chord
percentage ext anshontd Ahes | gadinghedgefithd snegubbst ds @pd6¥hissd him

tol erance between +0,5% and -0,2% from the nom nal value, while the design
- point of the gpegsr WG SRME athahishathee chordcext ensi arring appl deag in
20 conparison wth the standard solutions, is equal to 8,2% wth a

tol erance between +10%apdainda f rsﬁ:’ﬁ_ﬂﬂ@t&nwﬂﬂ@oy,al Yener@deer by the

characteristics of the aircraft 10 include the

| ' 5 engine flow next to the fuselage side wall 12 and the
horizontal tail 44. |
The aircraft 10 features also a tricycle landing gear,
including a nose landing gear-and a main landing gear.
Phe nose landing gear is a leg strut, with four doors

10 closing the bay, and backside retraction.

The main landing gear has frontside retraction in order
to allow fuselage belly loads installation.

' The aircraft 10 under this patent fits an automatic

flight control systen (*Fly By Wire”), digital

15 quadruplex redundant, which allows to optimise the

performance and the flight qualities; the system allows

to improve the flight safety limiting, automatically,
flight regimes, which could be uncomfortable. to the
pilot or could Ilead "to lose control (“Carefree
20 Handling” ).

From the ébove description the characteristics of the
aircraft configuration with improved aerodynémic
performance, subject to this patent, are resulting
clear, such as its a&vantages, |

25 It is also clear that several other modifications can

15



fusel age 12, which, in the afterbody 16, foresees the 25 iW“%?ﬁ?@Q@” of

t he engiqgggggghﬁs and the presence of a 17 April 2006 0 7
PCT/ EPO2/ "#uselage tail, indicated as ' item90 in pic? FEPR/038E35 6 1 he
area near the engine nozzles is-optimsed in order to reduce the negative
effects, in ternms of drag and longitudinal stability/control, generated by
the 5 engine flow next to the fuselage side wall 12 and the horizontal

tail 44. The aircraft 10 features also a tricycle |anding gear, including
a nose landing gear and a nmain |anding gear. The nose |anding gear is a

| eg strut, w i nggigﬁo%% 53 %.ltg%fc'%%:teheof’aéhe aaﬁ‘kcggacf‘éiﬂ?ﬁ@cg’v | on.

The mai n | andi'ng i has frontside retraction in order to Usel age

72 P el K SRR o,
edundant . ublgh il Bk CPHET S 6 ReLLatrERge, 200 Wslitane
autom ol Vopctht LSO MLShecoU bE RSN 581 8iko i bl o

descr! ptiqn Lhe,piaragt oilali fe bl vaLLo" ALY apgueal ' goe

requirements and the same details could be replaced

e

with- other details having the same technical

characteristics. : {
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performance, subject to this patent, are resulting clear, g 13%0st S
advantages. 25 It is also clear that several other nodifications can

03/ 035467 17 April 2006 PCT/ EP02/ 03683 be applied to the structure of the
aircraft in subject, wthout exceeding the novelties included in the
concept - of the patent. It is also clear that, in applying the patent,

mat erials, shapes and di nensions of the above nentioned details could vary
in conpliance with the requirenent% ﬁ;ﬂ the sane details could be repl aced
with other details having the sanme t&Efftcal characteristics. 16 17 Apri
2006 CLAIM5s 1. Configuration of an aircraft with inproved aerodynamc
performance, which allow to keep directional stability at md/high angles
of attack,l.sai Coafiguadtiamaobiidemgaardusi] agieh fingrededi aeradpgspiat | east
one air intake and a fuselage_ _forebody with tapering section, whereby in
that sai d PRTEEFBRRCE i n¥hidles 2d1PBadiong @%@edEﬁﬁgmﬁﬂéi(%I@Qlkkﬁﬁe%thntro

Devi ce _ SRR SHCLI R SYITRLLLEE, Ll bULSLERg, of LINe Yoy Lok gprgr ated by

such LEX &t angles or “att ack, erern _ 0 "betneen $he LEX
area and tfhetear k@sRoNANGY, LEX 1NQfstkex ool i Remicesdiei ghtruksiggal to

2,35 mwith a
- forebody with tapering section, whereby in that said aircraft
includes a Leading Edge Extension (LEX) Vortex Control Device
shaped such to symmetrize the bursting of +the vortex
generated by such LEX at mid-high angles of attack, wherein
the ratio between the LEX area and the corresponding LEX
Vortex Control Device height is equal to 2,35 m with a
tolerance fange varying from +100% and -50% of said ratio,
said LEX Vortex Control Device cooperating with staggered
tails, obtained by the coupling of the vertical fin to the

 wing, whose leading edges overlap the trailing edges of each

wing, in order to maintain lateral-directional stability.

2. Configuration of an aircraft as per <claim 1,

characterised by the fact that the mentioned fuselage

forebody with low aspect ratio, shows a profile with variable
geometry starting from the apex up to the edge coupling the
mentioned forebody to the LEX apex, said profile shows,
starting from the apex, a roughly circular section and then,

at the LEX apex, chined section.

3. Configuration of an aircraft as per claim 1,
characterised by the fact that the staggered tails 1is got
| coupling. the vertical fin with trapezoidal platform to the

wing and whose leading edges overlap the trailing edges of

1




tol erance range varying from +100% and -50% of said ratio,17§§kﬂzb&% Vort ex
Control Device cooperating with staggered tails, obtained by the coupling
of the vertical fin to the wng, whose | eading edges overlap the trailing
~edges of each wng, in order to maintain lateral-directional stability. 2.
Configuration of an aircraft as per claim1l, characterised by the fact
‘that the nentioned fuselage forebody with | ow aspect ratio, shows a
profile with, variable epnetry starting.fr t he apex to.the gdge

Coupl i ng £RE™ RAPET ofed Tarebaustt Bt e te ahelfo BB (st AikCEREs.
starting fropythe;@pes & heyghky circular section and then, at the LEX
apex, chined section. 3. Configuration of an aircraft as per claiml1,
characterised by the fact that the staggered tails is got coupling the
vertical fin with trapezoidal platformto the w ng and whose | eadi ng edges
overl ap tHe tr&PPEhgubdfged of 07 BN ApRi¥CIEI06 edEh WeAg, FiRi8rde?r to

optim se the_behavi our .of e aircraft, at _high.angles of. attack, 4.
COnfiguraF'SﬁaSPeE&F%ir%¥a%$ea aﬁgrggﬁgiﬁFgﬂ géﬁgrgé?%g?ggﬁgbvsp %tfact
that suchthablight 2008Fi Aty 9981 Al augh 2phobidontglatRirdy BANi ALk
trapezoidal platformand the capability of symretric and asymmetric
‘defl ecti omaphbilhioy i zofit abytméetripr eseant s asymmegeiaxi slefwhcthons thel i ned
~from a lateral axis of the aircraft in order to optimze the hinge and
inertial hereAPRtal tail presents a hinge axis, which 1s inclined from

| a lateral axis of the aircraft in order to optimize the hinge

and inertial moments.

5. Configuration of an aircraft as per claim 1,
characterised by the fact that the air intake is diverterless

on the upper lip of the air intake.

6. Configuration of an aircraft as per claim 1,
characterised by the fact that the air intake shows a inner
lip average leading edge radius egual to 7 mm, while the
lower lip average leading edge radius is equal to 17,5 mm and
that of the average outer lip is equal to 14 mm, so that the
capture area of the air intake is about 0,322 m’, the throat

2

area of the air intake is about 0,257 m* and the engine face

area is about 0,273 mzﬂ

7. Configuration of an aircraft as per claim 1,
characterised by the fact that each wing of the aircraft
. shows trapezoidal platform and at least one saw tobﬁhrarea in
‘at least one part of the wings pan,. this wing shows also a

leading edge and radius(R)with triangular profile.

18




5. Configuration of an aircraft as per claiml, characteriy e fact
- that the air intake is diverterless on the upper |ip of thze‘gqlhm)b?ake
Configuration of an aircraft as per claimi1, characterised by the fact
that the air intake shows a inner |ip average |eading edge radius equal to
7 mm while the lower |ip average |eading edge radius is equal to 17,5 mm
and that of the average outer |lip is equal to 14 mm so that the capture

of  t i . iptak b 0,322 t hr oat f._the ai
Fhtake | Saboukobr ARSI The By, B HGIALE otk | BeBbodt Moy sy, 7.

Confi gur abhQPs Ofe A 116y 2khe %2R A Mdeh %'iﬁ@aq}fertﬁ@dawcfé‘ﬁ fact

that each wng of the alrcraft shows trapezoidal "platformand at |east one
saw t oot hshows d nvamdtablleaghmbae parfilef, bbehwongshgdradihgsedgagashows al so
a leading edge and radius(Rwith triangular profile. 18 8. Confjguration

of an ai r@ﬁaftgeasfrﬁéﬂléllgaleﬁ%@; %a@%ﬁt&%rt%eépbym%% fallpet hato wi ng of

the aircraft_sh agf n%g{eﬁisoflle both on the | eadi ng edge and
on the tréﬁ“ﬁ%‘@l%djémprﬁsﬁ? b1 G se canber profile inproving

conpressibility effects.
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